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Abstract 
Due to geological conditions of the construction, the deep geothermal wells in Leling, Qingyun and other regions , are easy to 
produce sand and other issues after long-term used, in order to prevent the geothermal wells being destroyed by sand production, 
based on previous experience of gravel-filling operation in Renqiu and other places, selecting a particle gradation and well 
structure reasonably can effectively prevents the occurrence of such  events, therefore we applied gravel-filling technology in
geothermal well drilling, and successfully abtained a good well completion quality 
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1. Conditions 
Leling lies in the middle of the plate of the North China(I), the north depression area (II), Jiyang depression zone 
(ċ), chengning port - Ningjin uplift (latent) (IV), and Wudi uplift (latent) (V). Detailed geological exploration and 
survey data showed that this area has a good geothermal reservoir in the Neogene System[1~2]. Actually, the 
geothermal reservoir in the Guantao Formation has been exploited due to its higher temperature. (Fig. 1) 
 This area consists of the Quaternary plain group, the Neogene Minghuazhen group and the Neogene Guantao 
group. The Quaternary plain group is 260m in depth, whose upper layer consists of Pale yellow, yellowish brown, 
gray yellow sandy clay, clayey sand, and silt; lower layer consists of light gray, brown, gray green sandy clay, clay 
and fine sand, the clay is tight. The buried depth of Neogene Minghuazhen group is 900- 930m, the main lithology 
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is shallow brown, purple, grey green mottled clay, sandy clay mudstone and thin siltstone. Neogene Guantao bottom 
depth is about 1350 ~ 1370m, the upper with reddish brown, gray, gray-green mudstone and light gray, gray 
sandstone, fine sandstone, thin-bedded siltstone; the lower mainly consists of white, gray white pebbled sandstone 
and sandstone, and it also consists of gray green mudstone, sandy mudstone, grey argillaceous sandstone and 
conglomerate. 
2. Problems and reasons 
2.1. Main problems of the geothermal well 
Neogene Guantao is the main geothermal reservoir of this area. Its permeability and water abundance are both 
high. Tough there are lots of sandstones in this layer, the supply of the geothermal energy cannot be balanced due to 
the heavy hot water mineralization. The dramatically decreased pressure may lead to sand gushing, which may cause 
the water supply equipment damaged and block the pipe, the water cannot be used without secondary precipitation. 
Even worse, the continuously sand gushing will accelerate the precipitation process, speed up the block and abrasion 
of the sieve tube, eventually lead to the water yield reducing, seriously sand gushing and geothermal wells scrapped. 

Fig. 1 Regional Geological Map 
2.2. Analysis Of Sand Gushing 
Sand gushing is mainly resulted from the following reasons: 
1) Well completion method and quality cause sand gushing: (1)The filter net density is too large, the wrapping 
space and the aquifer particles are mismatched; (2) the gradation of the gravel is unsuitable for the formation; (3) the 
well deviation may lead to an uneven thickness of the gravel; (4) the filter pipe works at the silty sand directly; (5) 
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the difference of the filter size is greater than 15%; (6) the rinse is not thorough, the high viscosity and high solid 
mud blocks the aquifer. Additionally, when well washing, the shock time is too long, which leads the fine sand and 
silt surround the water filtering funnel radius. 
2)The pipe rupture causes sand gushing. The pipe rupture causes sand gushing mainly because of the following 
reasons. (1) There are some wrong with the joint and the welding of the pipes. Sometimes sand gushing, refilling, 
and rupture can make the gravel out. The rupture usually occurs at the welding or the connection of thread. When 
the pipe is tripped down into a well, the tensile stress will increase with the weight increasing, which causes the pipe 
slotted. At the same time, the welding stress can probably lead to stress erosion. (2) The inferior pipes are easily 
damaged when forced in a well. (3) The pipe is not designed in accord with the requirements. For example, if the 
sieve tube hole is too large due to pursuing a high water yield, it will result in lower strength and capacity of anti-
corrosion. The long-time corrosion, consequently, leads the pipe to final break off. (4)The water pump seal has some 
hidden troubles. If there is always something wrong with sealing, the high speed flow will penetrate the well tube, 
which could lead to sand gushing. 
3)The long-term strength of mining, large volume pumping may drop the water level sharply. This may lead the 
velocity of the filtration to exceeding the allowable one. Furthermore, it disturbs the layer of sand and silty sand, 
consequently causing the sand gushing.  
For example, when we worked in Qingyun in 2006, the initial water level of the geothermal wells was only a few 
meters. However, due to the long-term excessive mining, the water level had dropped by nearly 15 meters till 2010. 
The water level drops at the speed of over 2 meters per year. It is kind of a most serious over-exploitation, which 
consequently resulted in sand gushing. 
Based on the data obtained from the current geothermal wells in this area, the main cause of sand gushing is the 
well completion technology. 
3. The Design of the Geothermal Well 
The previous wells in this area are mainly completed without throwing pebble. The rubber is often used to proof 
water. The Neogene reservoir is the main heat storage layer in Guantao. The well is completed at the depth of about 
1351m. The upper diameter is 350mm. The pump chamber is 273.1mm diameter, and the lower layer diameter is 
244.5mm. The diameter of casing pipe and the filter is 139.7mm. A rubber umbrella is installed to proof water 
between the filter pipe and the top of the mudstone layer (Fig. 2). 
  Tertiary strata in this area is mostly fine sand, silt and fine sandstone, poor cementation, there are some loose 
formation, due to the filter pipe directly in contact with the original formation, for the formation water gushing with 
lateral forces generated by pumping, the sand content is high. After years of exploitation, the decrease of reservoir 
pressure affects the stability of the hole adversely. Especially at the early stage of pumping, the water level dropped 
sharply, which causes the borehole instable. The pumping can also flush the particles (micro-cement and semi-
cemented sandstone) consisting of the hole-wall edge out into the pipe. Even worse, the very fine particles, 
including the fine clay (matrix argillaceous cement and calcium cementation) can influx into the well through the 
filter, result in sand gushing. As time goes on, the thickness of the sediment increases, which will affect the water 
quantity and temperature. 
4. Equations 
In the long term economic benefits, it is imperative to design well structure reasonably in this area. In response to 
these circumstances, based on our successful experience of gravel-filling geothermal wells, we proposed gravel to 
fill in the area of construction of geothermal wells. We recommend using gravel-filling technology in geothermal 
wells completion in this area. 
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
Fig. 2 None Gravel-filling Geothermal Well Structure 
4.1. Well Structure 
The pipe gradation is the same as before, which is designed without gravel in a well: diameter of 350mm from 
ground to 200m; diameter of 244.5mm for the final hole. The fine petroleum pipe of ĳ273.1mm and 200m length is 
applied. The changeable diameter joint is used between the pipe and the ĳ139.7mm sidewall pipe as well as the filter 
tube. When the depth is over 1200m,  high quality quartz sand is filled as the filter material; the upper part adopts 
the high-quality clay to prevent water. The well structure is shown in Fig. 3.                              
It is fundamental to adjust the pipe diameter to the hole when filling peddles. Specially, the smaller annular gap 
hinders the peddle filling, but the bigger one prevents the wall protection, especially for the well over 1000m. In 
order to keep the borehole wall stable, the properties such as viscosity and density of the fluid can be adjusted within 
certain limitations. If high density fluid used in well completion mixes the filter material, it will make the well 
washing more difficult, even affects the production adversely. From the perspective of retaining sand, filter 
thickness should be above 25mm. Considering the impact of different factors (fluid properties, formation properties 
and construction technology, etc.), the thickness should be above 50 mm. 
From the perspective of increasing water inflow of a single well, according to general experience, increasing 
the hole size within a certain range can increase production. But for the deep artesian water, aquifer has limited 
permeability, when the diameter increased from 244.5mm, water yield increase is not significant. Therefore, based 
on our experience, using ĳ244.5mm tricone bit (ĳ 139.7mm tube) to form a 52.4mm annulus, which is feasible for 
gravel-filling operation.
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
Fig.3 Geothermal Well Structure with Gravel-filling 
4.2. Gravel-Filling Methods 
Based on years of field experience and experiments, throwing gravel method can adopt hydrostatic casting gravel 
or hydrodynamic casting gravel. 
Hydrostatic casting gravel: put the well pipe to the predetermined position, connect three wellheads and, input the 
filter directly to the hole; when inputting the filter, it will generate the pressure difference between the inside and 
outside the tube; meanwhile, it should add the equivalent of water to avoid collapse and guarantee the filter stability. 
The particle size of the filter specifications is generally 2~4mm. The filter media velocity should be controlled 
within 7 ~ 8 m3/h. 
Hydrodynamic casting gravel: when casting the gravel, it should start the mud pump first to prevent gravel from 
getting stuck. At the same time, annulus after implementation has played a fundamental role in maintaining the 
stability of the borehole wall. 
4.3. Problems during Drilling 
The gravel-filling is difficult. According to statistics, several geothermal wells in Leling are not using gravel-
filling technology. It has been run for many years, and a large number of sand gushing occurs in these wells. 
According to the gravel-filling process in some geothermal wells in Renqiu, Yucheng and other places, it is a tough 
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work for using gravel-filling technology in 1500m depth geothermal wells. Therefore, it needs not only high hole 
quality, but also a proper gravel casting 
5. Conclusions 
(1) It is feasible to use the gravel-filling in the geothermal wells in the North China Plain to avoid sand gushing. 
It also increases water yield in Shandong, Qingyun; Leling, Gaotang and other regions. This method can also be 
used in the layer with loose particles. 
(2) The diameter and diameter distribution can meet the requirements of deep geothermal wells. As long as the 
procedures of slurry changing, reaming, casing, and gravel casting are operated rightly, the filter can be put in the 
right position successfully. 
(3) We recommend hydrostatic gravel casting or hydrodynamic casting gravel for deep well. According to the 
formation conditions, a reasonable intensity of the gravel is generally 2 ~ 4mm. The volume of the casting gravel 
can be theoretically calculated and verified according to the field work to improve the well completion quality. 
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